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.. SuMARY

Results are presented of strain surveys arocund four reinforced
oircular cut-outs successlively made in an axially loeded skin-
stringer tensicn panel. Thege surveys were made in the elastic
range. In-each case the reinforcinhg ringe wore of rectangular
cross section, and tho crobs=-sectional ares Of the reinforcement
approximately equalod the cross-gectional ares of the skin and
stringers removed. at 'bhe ‘c.ransvorse center line of the cut-out.

; Gurves are presented. which chow “the disw-i'bution oi‘ stringer
and shear stresses in the panel and bending stresses in the
reinforecing rings. Empirical methods are gliven for ostimaeting the
maximm atringer stress In the panol and for approximeting the
lenglitudinal stresses in. the s'a'ingers a.nd. rings at the transverse
center line of the cut-oute ; . - .

As 8 result of a lack of ana.lytical and experimen'bal 1nforma.ticn,
the design of reinforced circular:cut-outs in: skin-stringer combi-
nations at present depends largély upon judgment and experience.

This peper glves experimental information which may be used to
determine the sultablility of present design practices and should be
useful for comparison with the results of future analysese.

Strain surveys in the elastic range were made eround reinforced
clrcular cut-oute in & flat skin-stringer penel. The rings
reinforeing the cut-outs were of rectangular cross section, and the
cross-gectional area of reinforcement approximately equaled the
cross-sectlonal aree of skin and stringers removed at the transverse
center line of the cut-out, Curves are presented to show the



experimental distributions of stringer and shear stresses in the
npirical relationships

panel and the bending stresses in the rings.

are nresented to enable the designer to spproximate gquickly the
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maximum stringer stress in the panel and the stringer stresses and

Jonglitudinal ring stresses at the transverse center line of Lhe

cut-~out.

TEST SPECIMENS AND PROCEDURE

The test specimen was a l6-stringer 24S-T aluminum alloy panel

14l inches long and approximately 48 inches wids, with a cross
section as showh in figure 1.

shown in figure 2.

A schematic dlagram of the panel Is

Four circuler cut-outs of progressively increasing dlameter were

made at the center of the panel.
stringers at the transverse center line.

Each was tengent to comtinuous
The cut~outs had diamsters

of approximately 10, 22, 34, and 46 inches; for the smallest dismeter,

only the two center stringers of the panel were cut, and Ffor the
largest dlemeter only the two outside stringers remained uncut.

Each

cut-out was reinforced by a pair of circular rings of rectangular
cross section, one ‘on each side of the panel.

given in the followlng teble:

Stringere| Ineide| Outside| Median | Thicknesa
cut radius{ radius{ (in.) | of ring
(3n) | (ind) |- (in.)
2 k.31 5.07 k.69 0.25
.6, 10.06 | 1182 10.9% 25
10 15.81 | 18.57 17.1% 25
1k 21.55 | 25.31 23.43 25

The rings were riveisd to the sheet as
plates were placed on the sheet under
such & manner as to be as Ineffective
In sach case at the transverse center
ssctlional area of the rings approximately eaualed the cross-sectional
area of the skin end stringers removed.

well as to the stringers.

Ring dlmensions are

Filler

the rings and were fastensd in
as possible In carrying load.
line of the cut-out the cross-
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Shear end stringer stresses in the panel as well as bending
stresses in the reinforcing rings vere experimentslly determined -
for each cut-out condition. "Before the first cut~out was made, -
tests wore cond.ucted. to determine the elastic propert.ies of the

RN S

panel. An effective value of Young 8 modulus of 10.43 % 103 ksl
was derived from measurements of the streins in all stringers at
three stations along the span. The effective modulus may be -
considered as including correctiions for the effect of rivet holes,
average gege calibration factor, and dynemometer celibratiom factor.
The average trensverse strain indicated an effeéctive Poisson's
ratlo of 0.302, The effec'bive shear modulus was folnd to be

k.01 X 103 kef. The preceding effective moduli were u.sed. 1o cenver'b
measured streln into stress. . “

The ‘test setup is shown in figure 3. . The total external load
was wniformly distributed to the ends of the stringers by means of
whippletrees. Stringsr and shear strains were messured by Tuckerman
opticel strain gages with gage lengths of 2 inches. The shear
strains in the sheet were obtained from strains measured at angles
of 45° and 135° to the direction of the stringers. The gages were
used in pairs, one gage on each side of the test pamel., Strains ,
were measured at 'corresponding points in all four guadrants of the
doubly symmetrical panel, and the final figires are drawn.as for one
guedrent. Each plotted point represents, therefore s the average of
four stations. Bending stresses in the rings were. dstermined from
resistance-type wire~ strain-gage measurements. A typical arrangement
of wire strain gages on the rings is shown in Tigure.L. The gages
vere placed on the inner and outer edges of each ring at regular.
intervals along the perimsters. The plotted experimental values
Yepresent the a.verage stresses dn eech nair o:E' rings reinforcing a
cut-out. : . .

‘The 1oa"c'L wag- app'liecl in three .equal increments. A loa.zi-stres's
plot was made for each gage, and a straight line was drawn through
the plotted points. If the line through the plotted points did not
pass through the origin, a line parallel to it wes drewn through the -
origin. The line through the origin was used to determine the
measured strain at meximum load. If the necessary shift was more
than 0.2 ksi, however, a new set of readings wan 'baken.

msmmjmn DISCUSSIN

. I

Figures 5 to 8 show the spanwise distribution of ex;perimental
stringer stresses. It mey be noted from the cu¥vés that the maximum
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stringer stress for each cut-out conditiom occurred In either the
continuous stringer bounding the cut-out or In the cut stringer
adjacent to this continuous stringer, and that, in general, the
maximum stresses Iin both stringers were approximately equal. The
meximum stress occurred at o transverse station which intersscted
the median line of the reinforcing rings at approximately 45°
from the transverse center line.

Chordwise distributione of stringer stresses are shown In -
figure 9. At a distance of one radius from the transverse center
line, the chordwise stress distribution was nearly uniform from
the outer edge of the panel to some point close to the first cut
stringer end then decreased approximately linearly to zero near
the longitudinal center line. At the transverse cemter line the
chordwise distridbution was approximstsly uniform except in those
panels with few uncut stringers,

The spanwise-distribution curves for the experimental shear
stresses are shown In Figures 10 to 13. Chordwise distridbutions
of shear stresses are shown in Tigure 1k,

The distribution of bending stresses in the reinforcing rings
is plotted in figure 15 for sach cut~out condition. It has been
suggested in estimating these bending stresses that. the siringer
loads which existed at a large distence from the cut-out should be
applised dirsctly to the rings, without allowing for a redistribution
of the forcee through the skin-stringer combination. The maximum
stresses resulting from this ftype of analysls were computed for
the four cut-out conditions tested snd were compered with the maximum
bending stresses computed from the test data. In these calculations
only the actual area of the rings wes used to determine the moment
of inertia. The calculations werse mads for a load of 15 kips. .The
results of this comperison are given in the following table. It
may be observed that for the four cut-outs under consideration
this method is wnduly conservative. .

: Maximum bending stress
Stringers cut (ks1)
Experimental | Calculated

2 2,8 - 29,.6
6 3.0 3.6

14 '12.0 32.5
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maximum stringer stress in the panel and the stringer stresses and

Jonglitudinal ring stresses at the transverse center line of Lhe

cut-~out.

TEST SPECIMENS AND PROCEDURE

The test specimen was a l6-stringer 24S-T aluminum alloy panel

14l inches long and approximately 48 inches wids, with a cross
section as showh in figure 1.

shown in figure 2.

A schematic dlagram of the panel Is

Four circuler cut-outs of progressively increasing dlameter were

made at the center of the panel.
stringers at the transverse center line.

Each was tengent to comtinuous
The cut~outs had diamsters

of approximately 10, 22, 34, and 46 inches; for the smallest dismeter,

only the two center stringers of the panel were cut, and Ffor the
largest dlemeter only the two outside stringers remained uncut.

Each

cut-out was reinforced by a pair of circular rings of rectangular
cross section, one ‘on each side of the panel.

given in the followlng teble:

Stringere| Ineide| Outside| Median | Thicknesa
cut radius{ radius{ (in.) | of ring
(3n) | (ind) |- (in.)
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.6, 10.06 | 1182 10.9% 25
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The rings were riveisd to the sheet as
plates were placed on the sheet under
such & manner as to be as Ineffective
In sach case at the transverse center
ssctlional area of the rings approximately eaualed the cross-sectional
area of the skin end stringers removed.

well as to the stringers.

Ring dlmensions are
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the rings and were fastensd in
as possible In carrying load.
line of the cut-out the cross-
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Shear end stringer stresses in the panel as well as bending
stresses in the reinforcing rings vere experimentslly determined -
for each cut-out condition. "Before the first cut~out was made, -
tests wore cond.ucted. to determine the elastic propert.ies of the

RN S

panel. An effective value of Young 8 modulus of 10.43 % 103 ksl
was derived from measurements of the streins in all stringers at
three stations along the span. The effective modulus may be -
considered as including correctiions for the effect of rivet holes,
average gege calibration factor, and dynemometer celibratiom factor.
The average trensverse strain indicated an effeéctive Poisson's
ratlo of 0.302, The effec'bive shear modulus was folnd to be

k.01 X 103 kef. The preceding effective moduli were u.sed. 1o cenver'b
measured streln into stress. . “

The ‘test setup is shown in figure 3. . The total external load
was wniformly distributed to the ends of the stringers by means of
whippletrees. Stringsr and shear strains were messured by Tuckerman
opticel strain gages with gage lengths of 2 inches. The shear
strains in the sheet were obtained from strains measured at angles
of 45° and 135° to the direction of the stringers. The gages were
used in pairs, one gage on each side of the test pamel., Strains ,
were measured at 'corresponding points in all four guadrants of the
doubly symmetrical panel, and the final figires are drawn.as for one
guedrent. Each plotted point represents, therefore s the average of
four stations. Bending stresses in the rings were. dstermined from
resistance-type wire~ strain-gage measurements. A typical arrangement
of wire strain gages on the rings is shown in Tigure.L. The gages
vere placed on the inner and outer edges of each ring at regular.
intervals along the perimsters. The plotted experimental values
Yepresent the a.verage stresses dn eech nair o:E' rings reinforcing a
cut-out. : . .

‘The 1oa"c'L wag- app'liecl in three .equal increments. A loa.zi-stres's
plot was made for each gage, and a straight line was drawn through
the plotted points. If the line through the plotted points did not
pass through the origin, a line parallel to it wes drewn through the -
origin. The line through the origin was used to determine the
measured strain at meximum load. If the necessary shift was more
than 0.2 ksi, however, a new set of readings wan 'baken.

msmmjmn DISCUSSIN

. I

Figures 5 to 8 show the spanwise distribution of ex;perimental
stringer stresses. It mey be noted from the cu¥vés that the maximum
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stringer stress for each cut-out conditiom occurred In either the
continuous stringer bounding the cut-out or In the cut stringer
adjacent to this continuous stringer, and that, in general, the
maximum stresses Iin both stringers were approximately equal. The
meximum stress occurred at o transverse station which intersscted
the median line of the reinforcing rings at approximately 45°
from the transverse center line.

Chordwise distributione of stringer stresses are shown In -
figure 9. At a distance of one radius from the transverse center
line, the chordwise stress distribution was nearly uniform from
the outer edge of the panel to some point close to the first cut
stringer end then decreased approximately linearly to zero near
the longitudinal center line. At the transverse cemter line the
chordwise distridbution was approximstsly uniform except in those
panels with few uncut stringers,

The spanwise-distribution curves for the experimental shear
stresses are shown In Figures 10 to 13. Chordwise distridbutions
of shear stresses are shown in Tigure 1k,

The distribution of bending stresses in the reinforcing rings
is plotted in figure 15 for sach cut~out condition. It has been
suggested in estimating these bending stresses that. the siringer
loads which existed at a large distence from the cut-out should be
applised dirsctly to the rings, without allowing for a redistribution
of the forcee through the skin-stringer combination. The maximum
stresses resulting from this ftype of analysls were computed for
the four cut-out conditions tested snd were compered with the maximum
bending stresses computed from the test data. In these calculations
only the actual area of the rings wes used to determine the moment
of inertia. The calculations werse mads for a load of 15 kips. .The
results of this comperison are given in the following table. It
may be observed that for the four cut-outs under consideration
this method is wnduly conservative. .

: Maximum bending stress
Stringers cut (ks1)
Experimental | Calculated

2 2,8 - 29,.6
6 3.0 3.6

14 '12.0 32.5
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The strain measurements on the reinforcing rings indlcated
that at the trensverse center line the average longlitudinal stress
in the rings was approximately 58 percent of the average stress
in the skin and stringers. Since the chordwise Aistribution of
experimental stringsr stress was found to be approximetely umiform,
the stringer siresses and the longltudinal stresses in the rings
at the transverse center line may be approximated in the following
manner: .. . .. i

05=A5+'%.58Ar . (1)
oy = 0.58 og (2)

vhere oy 1s the average stringer stress s P 18 the external load
on the panel, Ay 1is the cross-sectional area of skin and
stringers, A, 1s the cross-sectionel area of rings, and o, 18

the everage longitudinal stress in the rings. The experimental
average stringer stresses and the average stringer stresses calculated
by the empirical relationship of equation (1) at the transverse

center line for a load of 15 kips are given in the following table: -

Stringers cut| Experimental Og Calculated g N
' (ks1) ~ (ks1)
2 - 3.9 . 3.9
6 ,'l' '5 Ll- -}-I-
10 §.6 5.1
l)-l- ' 6 ol 5 '9

The experimental longitudinal stresses a.nd. the longitudinal stresses
calculated by the empirical reldtionship of eguation (2) in the
reinforcing rings at the transverse center line aere given in the
following table i‘or & load of 15 kips. .

o . PR

Str_ingers, cutb Experimental_. °'_r Caleulated c;r

(ksty ' (ksi)
2 2.6 T T 2.3,
6 2.5 .6
10 3.1 3.0

1k 3.2 3k
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The maximum stringer stresses may be epproximated by the
emplrical formuls - _

Opax = (l + ‘E)Us ‘ (35

where Op,, 18 the maximum stringer stress iIn the panel, D is

the medlan diameter of the reinforcing rings, b 1s the width of
the pansl, and oy is the average stringer stress from equation (1) .

The experimentel maximum stringer stresses and the maximum stringer
stresses calculated by the empirical relationship of eguation (3)
for a load of 15 kipe are given in the following teble:

Stringers cut | Experimental Opax Calculated Opay
. (kei) (ks1) .
e ' 5 .1 k-? :
6 * o R 6 -2 . 6 .)-I-
10 8.4 8.8
b . 13.0 : 11.7

The empirical rel_a.tiohéhips should be applied only to .cu'b-outs
vith ring reinforcements similar to those of the test panel.

An anelysis was made by means of the numerical procedurs of
reference 1, but it was discovered that because of the camplex
interaction of the reinforcing rings with the skin-stringer cambination
near the cut-out, an impracticeble number of displacements would have
to be calculated before satisfectory results could be cbtained.

CACTUSTIONS

Resulte wers presented of strain surveys around four reinforced
circular out-outs of verying dlameter succesgively made in an axially
loaded skin-stringer panel. These surveys were made in the elastic
rango and showed in the form of curves the distribution of stringer
end shear stresses in the panel end bending stresses in the
reinforcing rings. In each case the reinforoing rings were of
roctengular croes section, end the cross-sectional area of the
reinforcement approximetely squaled that of the panel removed at the
transverse center line of the cut-out. The following comclusions
were indicateds |
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1. The maximum stringer stress occuryed at a transverse station
which intersected the median line of the reinforcing rings at
approximately 45° Prom the transverse center line of the cut-out.
The maximum stringer siress occurred In either the continuous
stringer bounding the cut-out or in the cub stringer adlacent to
this continuous stringsr.

2. In estimating the bending stresses in the reinforcing rings,
the practice of assuming the stringer loads at a large dlstance
from the cut-out applied directly to the rings was found to be
unduly conservative.

3. Empirical relatlonships were determined for evaluating the
maximum stringer stress In the penel and for approximating the
longitudinel stresses in the stringers and rings at the trensverse
center.line of the cut-out.

Langley Memorial Aeronautical Laboratory
National Advisory Comittes for Aeronantics
Langley Fleld, Va., Dec. 27, 1946
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Figure 5.- Spanwise distribution of stringer stresses in panel with two
stringers cut. Dashed lines indicate extrapolation. Load = 15 kips.
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Figure 7.- Spanwise distribution of stringer stresses in panel with ten
stringers cut. Dashed lines indicate extrapolation. Load = 15 kips.
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Figure 10.- Spanwise distribution of shear stresses in panel with two
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Figure 11.- Spanwise distribution of shear stresses in panel with six
stringers cut. Load = 15 kips.
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Figure 12.~ Spanwise distribution of shear stresses in panel with ten
stringers cut. Load = 15 kips.
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Figure 13.- Spanwise distribution of shear stresses in panel with
fourteen stringers cut, Load = 15 kips.
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Figure 14.- Chordwise distribution of shear stresses in one quadrant of panel. Load = 15 kips.
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Figure 15.- Distribution of bending stresses in reinforcing rings.
Load = 15 kips.



